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Table 1. Analysis of variance for the effect of priming on germination indices of Stevia under drought stress

059

Syt lee @l3laz o2 s s S i s el
‘o sidle dzady, azdails _ azalS
Sources of variation dH a=als
(PG) (RL) (PL) o (SWVI)
(SDW)
S 3 548953 20522 43512 5881 33.72™
Drought stress (D)
_‘5‘";“"‘“"* 7 561.66° 41303  160.96" 10.66" 497"
Priming (P)
Kool x WES ) sk * * . *k
il X S 21 3.94 1.74 423 0.246™ 0.256
DxP
Uas
64 15.19 1.27 2.34 0.143 0.058
Error
(1) 2l x5 ; 9.18 12.09 1457 9.69 12.89
CV (%)

df: Degrees of Freedom, GP: Germination Percentage, SWVI: Seedling Weight Vigor Index, RL: Radicle
Length, PL: Plumule Length, SDW: Seedling Dry Weight, and CV: Coefficient of Variation.

Qo) 50 Jlasl mhaw jo o g I Sre o o 5 4y s

ns, * and **: non-significant, significant at 5% and 1%, respectively

S a5 S sz B > a4 ol cusgam
Sl Cudte Ol Koo By 51 (Y09 )] Ken
Aly Seege 50 bdsern, ¢ Slewdls ol L
dnglie )d 25 sgu DS a5 5 Lgtul laazals
gl G 53 (F J9or) og S5t als” wals L
ol ads (JSablKe — /) Sid s
azadle Job logine (il com (o5 5 Sealy
Syse yo il dall jod bawslie o Shs A s
Sl b (Sl 50 G azady, Jsb Cao
o ol il dallls 350 (gla e alS
1o slos 55 L5 53l ol it sl 4y o
Jogine 53, + ool 5 59, + ool + Slwdls ol
(¥ Jgaz) o5
g oLS (slasdss Loyl sy a5 el onls )5S
&5 sloplas o Slae 5 yiwgd o ool cote B
A5l She olS wl, sl aslis ioliEl jo wilgs e
P )0 She 5 e yole Gl (o 8y, ez
sy I ST Bl e ] g5
Ay b sk g Jobe 0l Gl cege ol

b 5l (YN ISl 5 aeY) Sed e able g ady,

4 Farooq
5 Laware and Raskar

Tl VY eslie 5 (g lail) s aalys
(YN oo
(V Jguz) bosls 3Kl anlio gl ulaly
S50 (Sig kg Az wzdle Jsb (n b
Jolo &l an plgs 3,18 51 gl il zola
azailo 5 azaiy, Jolb azals lizl Jsb ol
ST o sine g dp ol il (Lol 4 S
OeSlee polde (505 a5 ldigS ey caiols lid aie
=) (St i gl Y e Slae ool
oyl wlil e ol il ssalie (JSWLKe
5 Wby p JBS ol b oL S
g Sl sloatil L oazelS iy an sl
Lok 03, oyl Slsmn Libe ys (V1Y) o Kan
BT T L e N . Ol SgeeS 4 Cos
o2l (s el o Jix GhalS b s> g S
ool 1n5 wbe Gmals bdsle wd) cop
2B Syl alose jo azalS Jsb wl) L ks je
5 blasil sl o3 o5 a5 (il ;8 (o9 Sl
Lilps jo S @l 1) badoke ot b

! Ansari and Sharif-Zadeh
2 Arbaoui
? Swathi



AR

YWAA /090 05l [ it Jlw [yl o 0 by gy

S Baseig)lS Slle Gl (Y Ty
=) Sas 55 S gRIB L cles bajles
oS clis la ol 5l oise Ylaas! (Sl
Ol (S Bl (SiS a5 L oablie o
gho 0 wdss)lS 9 U5 b A iS5 g
Al osalice Koasly pas 5 JKulKe -+ /4 S5
@ el (e oS 1 50 loepSS) o hals
s slaaisS 5l ol slapnsT a5 bl cde
OhlSan 5 00l ) Al oIS ) 43525 5y
Shee shalS a5 Sgai gl (VoY) O gy (Y4VF
e S Zde 4 Wlgige 25 il s B3 1S
wile SlaSy cols Cans 4 Gig el
Sl gsee 8 & el pelais o a8 wSL s
A oS ame i ol gk mls Ko Bk
23 S Fgid o pSS) Geime p (SiS S ke
G s Sely dlize glojles 0p)l5 Llys
O e el ead S Sl pos Lalyn
O Are (JBlle -+ 1) (Ses S e
S sba Ldg s oo jlosme (tal Bl 50 bajlars
St o2l g 69yt oo+ Sl sl slajles
9 = 17) S 5 YL gohaw ) wigres oy
GoonSs,  Gyme  ipS (WL -
S (Sielyy (g9) wald [ 4 bgsje (gwgid
(F Jguz)

sbodlbd S 0 oS AE gy, paie
e 5 TBY) 35 Jids kS Fige 5 s imags
e a5 05,5 ylE (YeeY) Kee 5 LIS (YAY
O dgylS eSS 0 el Djso 4 (g,
oo chale Wiy oo jae pl Ll o)l swlal
il fie miie 5 ool wiles ;S0 ol olie
2 &S Cal olF 4385y (59,0 polie 51 (SO
5 oS G gzes e slanlp
Sy mgtd o)y CdBs (5558 gD

3 Gill and Tuteja
* Hosseinzadeh

5 Lawlor

® Latef

7 Kaya and Higgs

del 45 W08 ol (Vo1 0) oLSes 5 SIS Suo
o553 lge 51 ool sy al3l b Sl
53 Osbe azdBla g azady; Job (Bl carge
Sl b ody Slai gty adlas (pl b oalin mls
o Yo deo VB /0 clackile o Sl lo
Lulyd 9o 50 50 jd a5 Jiallez slepasls Sep
Sodl3 s 5 (5 5eeS) Wlolows oS o T 5 A

A (VVE S g 6,mS) a3l 5 (Y210

S gid (o 155 5 (slgiono

(V Jouz) Slaslie (il )ly 4550 mls wlal 5
sy Sl Sl x (Sas 8 eSea
2o yd o Jloiml e 55 0Ssig)lS 5 b @ by IS
soy3 0 Jlaiol gl 3 U5 by IS 55 15 3
9D @ Jdg)lS ggmme (S )0 cuils o s sl
G b sl laamalS s JS g5
Sy Lama 3 55O il ) 26 Kes
Golosme yebay (JSWLe -/ 4 yao 5D &
ol iy B3y S S5 iy S
Sl (S5 25 pa0) Jles bt 5 Sieadly
ool ol + Sl ol la,las 0,15 a5 ol
2 Moixe il ey + oml+ Selodlo sl 5 5, +
b J35)lS sgime Sl jlcilsa b )lS sgime
* Seheddlo el alan 05 ks (Jloy Ll
dglio yo (a3li onl Jlogixe (l3E 50 g5, + oo
W95 Oliee oyt (F Jga2) 090 5ige vali b
Jeils 50 5 9 05 2 p Sk /FAY (Ske b
Sl Gl S 4 Sl Y (el
o ol 45 catls ol (g, 5 oyl ekl
S by led b aslie ;o gaus,0 YA/O ildl cely
A s o)

ety SelaST I lsteay laaseig S
@ S oo 55k olS bl cbla> o epe i
coel ol ailgee laades 5 0gd &5 g
3 D) 55 LS il 5w salanSli

' Kafi
? Kabiri and Taghizade



VY-
oSl ol b (Stevia rebaudiana) b gios! oo Sososly s jlowd 311015 K02 9 (55,5

S 25 5l a0 bgiul (il 4 by Sleogas p Siemly Gl SLaS 5 A 6eSke analie ¥ Jgua
Table 2. Mean comparison of the effect of different priming compounds on Stevia germination
characteristics at any drought stress levels

Lo
Treatments Sl ao azany, b el b alf
S Germination Radicle Plumule s dl ) ‘5?5 h; S
(50 Soaslyy percent length length ce mignzg:)g vigor
Drought Prlmlng (%) (mm) (mm)
(Mpa)
Control 5% 9.47 ¢ 8.29¢ 1.78 ¢
SA 51.3°¢ 11.43 % 14.47 2.76 "
Fe 56.6 * 11.48° 13.32 % 2.80"
0 Zn 54.6 11.01 < 11.04 < 243
SA + Fe 58.6 ¢ 11.80% 15.09° 3.28 %
SA +Zn 59.0%° 11.57 % 15.81° 3.31°%
Fe + Zn 60.3 ® 13.53° 14.35% 3.48°
SA + Fe+Zn 66.6° 16.56° 23.81° 4.66*°
Control 433 ¢ 6.95¢ 6.81°¢ 1.28°¢
SA 43.6¢ 11.66 *° 12.75 >4 237
Fe 50 10.54 10.24 ¢ 2224
03 Zn 48 8.58 9.93 ¢ 1.95¢
: SA + Fe 56 % 10.54 % 13.21 % 2.87%
SA +Zn 55.3%° 11.48%° 14.91° 3.20°
Fe + Zn 55.3%¢ 13.48 ® 14.45° 3.40°
SA + Fe + Zn 60.3° 14.42° 20.83° 3.85°%
Control 15.6 ¢ 5.64¢ 5.029 0.276°
SA 28.6° 9.66™ 8.98 >4 1.04 ¢
Fe 38 ¢ 8.54"% 7.63 >4 1.14
06 Zn 37.3% 6.58° 6.84 < 0.896 ¢
: SA + Fe 433%® 9.77%® 10.26 % 1.50
SA +Zn 426 9.89 11.62° 1.75°
Fe +Zn 4.6 8.56 9.93 ¢ 1.49
SA + Fe + Zn 493% 12.04° 18.16 ° 2.39°
Control 143° 3.80° 2.38¢ 0.093 ¢
SA 17.3% 496" 4.17°%¢ 0313°¢
Fe 21.6% 487" 3.88 ¢ 0.383 %
09 Zn 20" 45" 292 0.296 ¢
. SA + Fe 253 %® 5.37°%° 520" 0.550°
SA +Zn 24.6 % 5.60%° 5.24°% 0.506°
Fe + Zn 33.6° 6.83 ™ 5.66° 0.890°
SA + Fe + Zn 323° 7.68° 9.28% 0.963 %

@n)isy, (Fe)sal (SA)smn! Sl
1(Zn)sy,t Fe)oel: (Zn)ss, HEA) sl Sl (Fe)oal (S A) sl Sl
(Zn)ss st (Feysal +HSA) sl Sl
SA: Salicylic Acid, Fe: Iron, Zn: Zinc,
SA + Fe: Salicylic Acid + Iron, SA + Zn: Salicylic Acid + Zinc, Fe + Zn: Iron + Zinc,
SA + Fe + Zn: Salicylic Acid + Iron + Zinc
35,105 00,0 O e ;0 LSD 5051 bl s (6)ls sime D] Stis (535 5] pebaw 52 5 gt 2 10 S e OBy SO b slanSilee
Means which have a similar letter (s) in each column and at each level of drought stress don’t have any
significant differences at 5% probability level based on LSD test.
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Table 3. Analysis of variance for effect of priming on photosynthetic pigments of Stevia under drought stress

Slyeeds gl shle a8 b Uebs s 5 Jebs s 3395555
Sources of variation b Chlorophylla  Chlorophyll b Total Chlorophyll ~ Carotenoid
S G 3 247" 0.489" 513" 0.063"
Drought stress (D)
e 2 7 0.831" 0.109" 1.44™ 0.066"
Priming (P)
e e 21 0.042" 0.024" 0.022" 0.0098"
DxP
Uas
64 0.0096 0.0047 0.012 0.0017
Error
(D) Sl a2 ; 10.54 2137 9.05 20.88
CV (%)

aoy0 ) 90 Jleixl mlav 1o )ls gme o Jxe né ol 4y sk g % DS
ns, * and **: non-significant, significant at 5% and 1%, respectively

W5 go (Sl sl (gl Vga o Vo5,
Sleogas dggp y0 anis o5 5 ool S, lsiea
OB g Jlp Il o Ll cams Sjale

A5 5l (B sgw SIST 5l g 09h @Bly ke (St
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Table 4. Interaction slicing: Mean comparison of the effect of different priming compounds on the content of
photosynthetic pigments at any drought stress levels

Lo
Treatments

a by k5 b iyl ST S595,8

Chlorophyll a  Chlorophyll b  Total Chlorophyll  Carotenoid

z i gl
Skl s Sl (mgg' FW) (mgg' FW) (mgg'FW)  (mgg'FW)

Drought (Mpa) Priming

Control 1.04°¢ 0.377° 1.42° 0.112°¢

SA 1.11°¢ 0.343° 1.45¢< 0.238 %

Fe 1.22° 0.480° 1.70< 0.262 %

0 Zn 1.06 0.463° 1.52¢f 0.188"
SA + Fe 1.36® 0.466 ° 1.82°% 0.283 %

SA +Zn 1.15% 0.496° 1.64°¢ 0.213 %

Fe + Zn 1.53° 0.512° 2.04® 0318

SA + Fe + Zn 1.48° 0.740? 222% 0.232%
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SA 0.844 9 0.333"% 1.17% 0.181%

Fe 1.10°¢ 0.333 % 1.43% 0.256

03 Zn 0.983 0.310" 1.29% 0.228"
: SA + Fe 1.38° 0.353"% 1.73% 0.346°
SA +Zn 0.874 0.428° 1.30% 0.149

Fe + Zn 1.14% 0.799 * 1.94° 0.212 <

SA + Fe + Zn 1.71° 0.285" 28 0.494*
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SA 0.519 41 0.171°% 0.693 % 0.118¢

Fe 0.842°¢ 0.252%° 1.09 % 0.219 %

0.6 Zn 0.678° 0310 0.988 0.128 ¢
e SA + Fe L.12® 0.256 *° 1.38% 0.288 %
SA +Zn 0.863°¢ 0.246 *° 1.10% 0.220°%

Fe + Zn 1.11° 0.406 * 1.51° 0.218 %
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@n)iss, (Fe)sal (SA)smn! Sl
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SA: Salicylic Acid, Fe: Iron, Zn: Zinc,
SA + Fe: Salicylic Acid + Iron, SA + Zn: Salicylic Acid + Zinc, Fe + Zn: Iron + Zinc,
SA + Fe + Zn: Salicylic Acid + Iron + Zinc
3l 2,0 O e ;0 LSD 03T lasl 1y (g lo e M3 St 235 5l mlas 58 g (e 50 50 S e By G b slo o Sile
Means which have a similar letter (s) in each column and at each level of drought stress don’t have any
significant differences at 5% probability level based on LSD test.
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Extended Abstract

Introduction: Stevia (Stevia rebaudiana Bert.) is a herbaceous perennial plant that belongs to the family
of Asteraceae. Stevia is a self-incompatible herb and the seeds resulting from this plant have low germination
ability. Steviol glycosides found in this plant are 250-300 times sweeter than sucrose and despite their sweet
flavor; they are not absorbed by the body. In general, the poor germination capacity of Stevia seeds is a major
impediment for its large-scale cultivation. Priming is one of the seed enhancement techniques that could lead
to an increase of germination percentage and germination rate under stress conditions. Therefore, the present
study was conducted to evaluate the impact of priming with salicylic acid (SA), iron (Fe) and zinc (Zn) on
some germination indices, seedling growth as well as the content of photosynthetic pigments in Stevia under
normal and drought stress conditions.

Materials and methods: A factorial experiment using a completely randomized design was carried out in
the Seed Science and Technology Laboratory of Agricultural College, Shahed University, in 2017. The
factors studied comprised four levels of drought stress (0, —0.3, —0.6 and —0.9 MPa) and seven priming
combinations with SA, Fe and Zn. Non-primed seeds (dry seeds) were also considered as control. In this
experiment, Fe and Zn were supplied by sources of iron (II) sulfate heptahydrate (FeSO,4.7H,0, 0.5%) and
Zinc sulfate heptahydrate (ZnSO,.7H,0, 0.5%), respectively. The traits examined in this study included
germination percentage, radicle length, plumule length, seedling weight vigor index and the content of
photosynthetic pigments and carotenoid.

Results: The results of this experiment indicated that the plumule length was more sensitive to drought
stress, as compared with the root length. With increased intensity of drought stress from 0 to — 0.9 MPa, the
content of photosynthetic pigments in Stevia significantly decreased in all the priming treatments, so that the
lowest amounts of chlorophyll a, b and carotenoid were observed at the potential of — 0.9 MPa. Priming with
SA + Fe + Zn was found to be more effective than other treatments in improving the germination
characteristics and the chlorophyll content of Stevia under normal and drought stress conditions. At the
highest level of drought stress, germination percentage, radicle length, plumule length, seedling vigor index
and total chlorophyll content increased by 55.7, 50.5, 74.3, 90.3 and 85.5%, compared with the control in the
concurrent application of Fe, Zn, and SA.

Conclusion: In general, seed priming by micronutrient elements (Fe and Zn) and salicylic acid, and
particularly their integrated application, could be recommended to increase the resistance of Stevia to drought
stress in the germination phase.

Keywords: Chlorophyll, Ferrous sulfate, Germination percentage, Salicylic acid, Zinc sulfate

Highlights:

1- Drought stress at the germination stage has a significant effect on the seedling growth and the content
of photosynthetic pigments in Stevia.

2- Seed priming increases drought tolerance of Stevia at the germination stage.

3- The integrated application of SA, Fe, and Zn is more effective than their separate application to
alleviate the drought-induced damaging effects.
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